


Technical Report 

January 15, 1964 

e VACUUM ULTRAVIOLET AND SOLID STATE PHYSICS 

f 

tJP 
OPTICAL CONSTANTS OF M f i A L s  IN 

THE VACUUM ULTRAVIOLET REGION 

W. S t e i m n n ,  E, I. Fisher, 

Subnlftted by 

G. L. Weissler 
Chief Invest igator  

Contract No. NsG-178-61 

c 
4 O  

Prepared f o r  

Office o f  Grants and Research Contracts 

Washington 25, D.C. 
National Aeronautics and Space Administration 



TABLE OF CONTENTS 

CHAPTEZ PAGE 

I ,  INTRODUCTION. 1 

11, APPARATUS r) rn 0 r) 0 6 

Demountable Seals . a * . . . . . . . . . . 7 

Baffles a& Traps . . . . . . . . . . . . 13 

Ovens . . . . . . . . . 19 

Bakeout . . I . . . . . . . . . . . . 23 

Bakeout and Liquid Nitrogen Control Circuitry 25 
Interlock Circuitry . . . . . . . . 32 

Experimental Arrangement . . , . . . 38 

Transition Radiation . . . . . . . 41 

1110 SUMMARY . ~ , . o ~ . a . o o e . . * * r * . * ~  45 

ii 



LIST OF FIGURES 

FIGURE 

1 . 
2. Ultra-High Vacuum System . . . . . . . . . . . . .  
3 . "Single Pinch" Sea l  . . . . . . . . . . . . . . .  
4 . "Double Pinch" Seal  . . . . . . . . . . . . . . .  
5 . Freon Cooled Baff le  . . . . . . . . . . . . . . .  
6 . Liquid Nitrogen Trap . . . . . . . . . . . . . . .  
7 . Zeol i te  Loaded Liquid Nitrogen Trap . . . . . . .  

Ultra-High Vacuum System . . . . . . . . . . . . .  

8 . P a r t i a l l y  Assembled Ultra-High Vacuum System . . .  
9 . Assembled Ultra-High Vacuum System and Ovens . . .  

10 . Ultra-High Vacuum System During Bakeuut . . . . .  
11. Inside Lower Oven . . . . . . . . . . . . . . . .  
12 . Liquid Nitrogen F i l l i n g  Ci rcu i t  . . . . . . . . .  
13 . Liquid Nitrogen Overflow Sensor . . . . . . . . .  
14  . Inter lock Ci rcu i t  . . . . . . . . . . . . . . . .  
1 5  . Ekperinefital Arrangement f o r  Measuring 

Refle c t i v i t i e s  Under Ultra-High Vacuum 

Conditions . . . . . . . . . . . . . . . . . . . .  
16 . Experimental Arrangement f o r  Invest igat ing 

Transi t ion Radiation From A 1  . . . . . . . . . .  

PAGE 

0 

9 

11 

12 

15 
16 

17 

18 

20 

21 

22 

27 

31 

33 

39 

42 

iii 



CHAPTER I 

INTRODUCTION 

I n  the past ,  the problem of measuring the  o p t i c a l  

constants of r e a l  mater ia ls  has been at tacked experimentally 

by measuring r e f l e c t i v i t i e a  and t r ansmiss iv i t i e s  and cal-  

cu la t ing  n and k from these measurements, 1 * 2  

quant i t ies ,  espec ia l ly  when obtained through a r e f l ec t ion  

technique, must perforce be very sens i t i ve  t o  t h e  sur face  

conditione of the sample t o  be invest igated,  

e lec t ron  eigenloss  experiments, i n  which the  incident  

e lec t rons  give up quantized amounts of energy i n  exc i t ing  

c o l l e c t i v e  osc i l l a t ions  af t b  conduction electrons,  have 

become an increasingly popular approach t o  the o p t i c a l  

constants  problem. Unf'ortunately the  r e s u l t s  obtained from 

t b a e  two techniques do not  agree w e l l , 3  probably because 

of a variance i n  the past h is tory  of the samples used by 

the d i f f e r e n t  experimenters. 

These 

More recent ly ,  

'G. L, Weissler, W, C, Walker, J.A.R. Samson, a& 
0. P. Rustgi, J, Opt, SOC. Am. 48, 7 1  (1958). 

'0. Po Rustgi, J, S, Nodvik, and 

3,. %rton, J. Wt. ~ p e c t r o s c ,  

Phys. Rev, 122, 1131 (19611, 

- 2, 671 (1962). 

G, L, Weissler, 

Radfat. Transfer  
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The theory of a quantum plasma i n  the  volume of a 

metal w a s  first developed by Bohm and Pinese4 According t o  

this view the i n t e r i o r  of a metal i s  t o  be regarded as an 

e l ec t ron  gas of high m o b i l i t y  i n  a background of pos i t ive  

charge which is  r e l a t i v e l y  fixed i n  space. On a time 

average there  w i l l  be f luc tua t ions  i n  charge density,  

thermal o r  otherwise. As a consequence of t h e  e lec t ron  

mobi l i ty  there  may be longi tudinal  o s c i l l a t i o n s  of t h e  

e lec t ron  gas, similar t o  sound waves, which a r e  d i f f e ren t  

from the  c l a s s i c a l  plasma osc i l l a t ions  i n  gas plasmas i n  

t h a t  the o s c i l l a t i o n  frequencies a r e  so high (about 10 
-1 sec that the associated energy, hv i s  la rge  compared 

with kT. I n  addition, the electron d e n s i t i e s  i n  metals a r e  

16 

P' 

so grea t  compared w i t h  those i n  gases t h a t  the e lec t ron  

gas is degenerate and i t s  motion must be t r e a t e d  by Fermi- 

Dirac s t a t i s t i c s  r a t h e r  than c l a s s i c a l  mechanics. The f a c t  

t h a t  t h e  exc i t a t ion  energies of the plasma o s c i l l a t i o n s  a re  

so  much l a r g e r  than kT, i n  f a c t  g r e a t e r  than the k i n e t i c  

energy o f  any e lec t ron  of the m t a l  a t  ordinary tempera- 

tu res ,  means that the o s c i l l a t i o n s  w i l l  remain i n  their 

ground s t a t e s  unless  exci ted by some other  method such a s  

high energy e lec t ron  bombardment. 5 

If a beam of fas t  electrons i s  shot  through a metal  

%. Raimes, Reports on Progress i n  Physic8 - 20, 1 
(1951) 
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f i lm  the  electron8 have a good chance of exci t ing  one o r  

more modes of plasma osc i l la t ion .  Therefore, we should 

expect soms of the emergent e lectrons t o  have l o s t  energy 

hv others  2 hv and so on. Pine haa given the  name 

plasmon t o  such a quantum of plasma energy.' Many experi- 

ments have been car r ied  out i n  which e lec t ron  beams of 

several  k i lovo l t  energy have been shot  through m t a l  films 

of about l O d  thickness, and tb energy losses  determined. 

The plasmon energies a r e  about 10 eV but the higher energy 

e lec t ron  beems a re  e a s i e r  t o  .handle experimentally, al-  

though i t  i s  d i f f i c u l t  t o  meamre accurately an energy l o s s  

of 10 eV for an e lec t ron  of k ine t i c  energy of severa l  

k i lovol t s .  I n  any case, f o r  some metals the emergent 

e lec t rons  showed energy lo s ses  (e igenlosses)  a t  almost 

exact i n t e g r a l  mult iples  of t h e  plasmon energy computed f o r  

those metals.6 

produce e i w n l o s s e s  i n  transmitted e lec t ron  beams. 

metals agreement between the theo re t i ca l  plasma frequency 

and experimental energy loss  spectra i s  completely lacking. 

An a l t e r n a t i v e  experimental approach t o  e lec t ronic  

P+ P 

On the other hand, some non-metals also 

In some 

exc i t a t ion  i n  metals waa suggested by Ferrell. '  

of plasma o s c i l l a t i o n s  i n  a metal predicted that, i n  a 

s u f f i c i e n t l y  t h i n  fo i l ,  plasma osc i l l a t ions  should be able  

H i s  model 

-~ 

6D. Pines, Rev. Mod. Phgs . 28, 184 (1956). 
'R. A. F e r r e l l ,  Phys. Rev. - 111, 1214 (1958). 



4 
t o  decay by t h e  emission of a photon of the o s c i l l a t i o n  

frequency. H i s  es t imates  of the probabi l i ty  of such an 

event i nd ica t e  the  f e a s i b i l i t y  of an experimental approach 

i n  which the plasma osc i l l a t ions  i n  the  f o i l  a r e  exci ted by 

e lec t ron  bombardment and the emitted photons a r e  detected 

spectrographically,  F e r r e l l  predicts th angular distribu- 

t i o n  of t he  emitted photons, t h e i r  polar izat ion,  and 

dependence of the  number of photons on f o i l  thickness and 

the  energy of the e lec t ron  beam. The frequency of the pho- 

tons should be the plasmon frequency wbich can be predicted 
. 

from the o p t i c a l  p roper t ies  of the material .  

As suggested by Fe r re l l ,  experimental work on Ag 

has been done by Steinmann and others,  8,9 

r e s u l t s  8,9 seem t o  ind ica t e  the existence of  plasmons of 

3.75 eV i n  Ag as  predicted by Fe r re l l  from o p t i c a l  data, 

The e a r l y  

Subsequent t h e o r e t i c a l  work using a model i n  which ' ' transi- 

t i o n  rad ia t ion"  is emitted when a point charge crosse8 an 

in te r face  has yielded predictions '*-12 somewhat d i f f e r e n t  

%. Steinmann, Phys. Rev. Let t e r s  5, 470 (1960); 

9R. W. Brown, P. Wessel, and E. P, Trounson, P h p .  

2. Physik 163, 92 (1961). 

Rev. Let t e r s  5, 472 (1960). 

"I. M, Frank and V, I. Ginsburg, J. Phys, (USSR) 

"V. P. S i l i n  and E, P. Fetisov, Phys. Rev, Le t t e r s  

"E. A. Stern, Phys, Rev. Let t e r s  - 8, 7 (1962). 

21 353 (1945). 

- 7, 374 (1961). 



5 
from those of Ferre l l .  Measurements on Nlma of Ag, Al, Au, 

and Mg13 have tended t o  f i t  the " t r ans i t i on  radiat ion tr14 

model b e t t e r  than the "plasmon" model, Since agreement 

between theory and experiment is st i l l  not  good, and may 

be for tu i tous ,  work has been undertaken a t  t h i s  

laboratory t o  extend the data t o  8horter wavelengths and 

to  clean experimental conditions. 

I3C. J, Powell and J. Bo Swan, Phys. Rev, - 116, 81 
( 1959 

14C. J, Powell and J. B. Swan, Phys, Rev. 115, 869 
(1959). 

"C* J. Powell and J. B. Swan, Phys, Rev, - 118, 640 
(1960) , 

16R. H. Ritchie, Phys. Rev. 106, 874 (1957). 

17E. A, Stern and R. A. Fer re l l ,  Phys. Rev, - 120, 
130 (1960). 

"A. Lo Frank, E, To Arakawa, and R, D. Birkhoff, 
Phys, Rev. - 126, 1935 (1962). 



CHAPTER I1 

APPARATUS 

The research program planned here involves emphasis 

on o p t i c a l  propert ies  of s o l i d s ,  e spec ia l ly  t h i n  films. 

Since so much of the  e a r l i e r  data on op t i ca l  p roper t ies  i s  

subject  t o  ambiguity because of unknown surface conditions, 

it w a s  f e l t  necessary t o  prepare f i l m s  under ultra-high vacuum 

and keep them under ul t ra-high vacuum u n t i l  the  measure- 

ments a r e  completed, 

t o  study the alkali metals which should be more amenable 

t o  t h e o r e t i c a l  calculations.  

I n  t h i s  war it r;;ag a l a t  ba possible 

Because of t h e  e x t r e m l y  high contamination r a t e s  

of surfaces maintained under ordinary high vacuum conditions 

(about loc6  Tor r )  the need was f e l t  for an apparatus i n  

which a clean metal surface could be prepared and 

r e f l e c t i v i t y  and other  measurements made before the  surface 

propert ies  of the f i l m  could be a l t e r ed  by the r e s idua l  

gases of the experimental chamber. Since the monolayer 

forming time a t  10°6 Tor r  is about one second, base 

pressures of the order of loo9 t o  lo”* Torr a re  required 

t o  achieve surfaces tha t  remain clean long enough t o  per- 

form an experiment. These pressures are i n  the  u l t ra -h igh  

vacuum region and t h e i r  attainment requires  t h e  spec ia l  

techniques associated w i t h  that f i e l d .  Of primary 

6 
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importance i s  the reduction of backstreaming pump o i l  

vapors, e i t h e r  by highly e f f i c i e n t  t rapping o r  by removal 

a l toge ther  of the  d i f fus ion  pump. 

gassing f rom elastomer gaskets and accelerat ion o f  general  

system outgassing s o  that tb ul t imate  pressure may be 

reached i n  a reasonable time are  a l s o  necessary. 

end an o i l  diffusion pumped s t a i n l e s s  s t e e l  ul t ra-high 

vacuum chamber has been constructed, The pumping column 

i s  shown schematically i n  Fig. 1 and photographically i n  

Fig, 2, The system includes,  above the  1500 l i t e r / s e c  

d i f fus ion  pump, a nonbakeable water cooled b a f f l e  and a 

re f r igera ted  (Freon 22') baff le ,  two bakeable l i q u i d  

ni t rogen t raps ,  and f i n a l l y  the ul t ra-high vacuum experi-  

mental volume i t s e l f .  

a r e  op t i ca l ly  dense and a l l ,  save the water-cooled ba f f l e ,  

a r e  equipped with o i l  creep bar r ie rs .  Wherever possible  

fusion welds on the ins ide  of the vacuum envelope have 

been used, 

pressure mater ia ls  such as Zn, P, Cd,  e tc ,  The seal ing 

medium i n  the bakeable port ion of the system i s  OFHC Cu. 

Elimination of aut-  

To t h i s  

A l l  of the above mentioned t r aps  

Great care  has been taken t o  avoid high vapor 

Demountable Seals. A l l  of t he  demountable 

bakeable s e a l s  used i n  the system a r e  of the  pinch type 

c oppe r s ea1 . l 9  This s e a l  involves a f l a t  OFHC copper 

19T. Batzer and Re Ullman, Engineering Note, 
Lawrence Radiation Laboratory, Universi ty  of California ,  
May 24, 1960, and October 7, 1960. 
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gasket which i s  pinched between mating s t a i n l e s s  s t e e l  

f langes,  For the l a r g e r  sea ls  ( the  16" diameter chamber) 

a double pinch s e a l  w i t h  a guard vacuum w a s  employed. 

Figs. 3 and 4 show th is ,  

I n  Fig. 3 we see a cross sec t ion  of the s ing le  pinch 

s e a l  used with the 2'' and 4" OD tubing. 

the seal ing surface of the  male flange (upper) exceeds the 

diameter of the  female f lange (lower) by 0.0401', thus sub- 

j ec t ing  the copper gasket t o  enough pressure t o  deform it 

t o  t h e  s t a t e  shown i n  Fig. 3-b. The sea l ing  pressure of 

approximately 6000-7000 lbs .  per l i n e a l  inch of gasket is 

appl ied by means of 5/16" - 24 NF S. S. machine b o l t s  

which screw i n t o  8 tapped s p l i t  r ing clamp. T h i s  e l iminates  

both the  danger of' s t r i pp ing  the threads of a hole  tapped 

i n  an expensive f lange and the d i f f i c u l t i e s  associated w i t h  

us ing a wrench on n u t s  located i n  inaccessible  places. Not 

shown ere  tapped jack screw holes i n  the male flange which 

proved e s s e n t i a l  t o  the separation of t h e  f langes af ter  a 

few bakeouts. When located i n  a v e r t i c a l  plane these 

sea l s  present no d i f f i c u l t y  i n  assembly as the gasket, 

being r ig id ,  can s i t  qui te  comfortable i n  i t s  recess  if  

i n i t i a l l y  s e t  a t  a s l i g h t  angle .  

The diameter of 

Fig,  4 shows the double pinch technique w i t h  the 

fore  vacuum pumpout located between the pinches, The land 

on the  male f lange i s  0.040" wider  than the groove i n  the 

female. Here symmetry requires  t h a t  t h e  seal ing force  be 



I t  
-I I- 

l l  
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.OFHC c u  

Figure 3 .  "Single Pinch" Seal 
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Figure 4. "Double Pinch" Seal 



applied midway between t h e  seals ,  Therefore, clamps 

machined from 1'' th ick  304 s t a i n l e s s  s t e e l  bar  stock 

13 

and 

8" - 13 NC machine b o l t s  are u t i l i e e d ,  as may be seen i n  

Fig. 2, 

t o  give an estimated sea l ing  pressure of 5,000 lbs.  per 

l i n e a l  inch  of gasket. 

The clamps a r e  spread about +'' apa r t  and torqued 

The only exception t o  the above mentioned bakeable 

sea l ing  pa t te rn  i s  a comnercial gold "O"-ring seal used 

with the nuda BaTard-Alpert fmistat ion gauge meunted m 

t t r s  top of the chamber. For all seal sariat,ims "Silver 

Goop" (Crawford F i t t i n g  Co,, Cleveland I O ,  Ohio) is  used 

on the thread8 of the  b o l t s  t o  prevent ga l l ing .  

bakeable s e a l s  are made with the conventional elastomer 

"O"-rings , 

The non- 

Three large diameter double pinch bakeable sea l s  

have been used: the f i r s t  sealing the  upper t r a p  assembly 

t o  t he  lower t r a p  assembly ( the  lower f lange of t h e  lower 

t r a p  is water cooled), the second seal ing the experimental 

chamber t o  the upper trap assembly, and the t h i r d  sea l ing  

the l i d  t o  t h e  experimental chamber. I n  addition, seven 

4*" diameter s e a l s  and three &I' diameter s ing le  pinch 

s e a l s  have been incorporated, amassing a total of 138 

l i n e a l  f e e t  of double pinch seal and 10 l i n e a l  f e e t  o f  

s ing le  pinch sea l ,  

Baffles..and Traps. Immediately above the  d i f h s i o n  - 



14 
pump i n l e t  (see Fig. 1 )  i s  a chevron type water cooled 

copper baffle. The cooling water f o r  t he  d i f fus ion  pump 

runs first through t h i s  op t i ca l ly  dense baf f le .  The water 

cooled baffle i s  followed by a copper chevron type 

re f r igera ted  b a f f l e  w i t h  a s t a i n l e s s  s t e e l  o i l  creep 

b a r r i e r  (Fig,  5 ) .  
by a freon 22 r e f r ige ra t ion  system. These ba f f l e s  a r e  run 

continuously and serve as the only o i l  trapping devices 

during system bakeout, 

T h i s  baf f le  i s  maintained a t  about -4OoC 

A t yp ica l  l i qu id  nitrogen t r a p  is  shown i n  Fig, 6 .  

The l i q u i d  ni t rogen reservoir ,  w i th  a volume o f  8* l i t e r s ,  

and i t s  associated f i l l i n g  tubes are of s t a i n l e s s  s t e e l .  

The b a f f l e s  themselves take the form of copper t rays ,  

capable of carrying a sorbant (Figs,  7 and 81, which a re  

welded i n t o  a copper cylinder.  This u n i t  f i t s  c lose ly  on 

tb ins ide  diameter of the l iqu id  ni t rogen reservoir ,  and 

i s  thus cooled pr imari ly  by radiat ion t o  t h e  w a l l s  of the  

reservoir .  S.S. rad ia t ion  shields  have been inser ted  

between the reservoi r  and i t s  warmer surroundings i n  order 

t o  maximize the l i f e  of the trap,  The s t a i n l e s s  s t e e l  o i l  

creep ba r r i e r ,  welded a t  the top t o  ths l i q u i d  ni t rogen 

reservoi r  and a t  the bot tom t o  the vacuum envelope, 

e l iminates  any warm path through the t r a p  and simultaneous- 

l y  increases  the  mechanical r i g i d i t y  of t h e  t rap,  which would 

otherwise be supported only by the  r e l a t i v e l y  l i g h t  

f i l l i n g  tubes,  The pieces of f l e x i b l e  hose (0.030" th ick  
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Figure 6. Partially Assembled Ultra-High Vacuum 
System 
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s t a i n l e s s )  seen a t  the  jointbetween the f i l l i n g  tubes and 

the vacuum envelope provide s t r a i n  r e l i e f .  Without t h i s  

provision the  f i l l i n g  tube t o  reservoir  welds would have t o  

endure s t r e s ses  of the  same order of magnitude as ths  ten-  

s i l e  s t rength  of s t a i n l e s s  s t e e l  because of the temperature 

d i f f e r e n t i a l  between the near  room temperature o i l  creep 

b a r r i e r  and the l i q u i d  nitrogen f i l l e d  reservoi r .  

traps a re  thus a compromise between the s t rength  and 

dependabi l i ty  of s t a i n l e s s  s t e e l  and the high thermal con- 

duc t iv i ty  of copper. Ir, order t o  minimize tne height of 

the vacuum system it was necessary that the t r aps  be 

designed f o r  bottom f i l l i n g ,  

The 

Ovens. The a c t u a l  bakeout i s  accomplished by two - 
"Themobestos" (Johns-Manville) insu la ted  ovens. . (See 

Figs. 9, 10, 11 ,) The ovens are independently control led 

by "Symplytrol" (Assembly Products, Inc. , Chesterland, Ohio) 

proportioning temperature control lers .  Each of t h e  ovens 

is provided w i t h  7 kW heat ing capacity by means of 8 

incoloy sheathed, MgO insulated,  nichrome s p i r a l  heated 

heating elements. Two of the elements i n  each oven are  

continuously control led by the proportioning cont ro l le rs  . 
Gross temperature con t ro l  i s  achieved by manually switching 

i n  addi t iona l  heaters .  

The lower oven (34" x 34" x 13") bakes the  lower 

t r a p  only, and i s  i n s t a l l e d  permanently i n  place w i t h  



Figure  9. Assembled Ultra-High Vacuum Systeifl and Ovens 



F i g u r e  10 .  Ultra-High Vacuum System During Bakeout 
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appropriate  i n l e t s  f o r  water cooling, l i q u i d  nitrogen, 

temperature measurement and control, etc.  The upper oven 

(40'' x 40" x 4O"), which bakes the  upper t r a p  and u l t r a -  

high vacuum chamber i t s e l f ,  i s  supported from above by a 

pa i r  o f  d i f f e r e n t i a l  chain hoists,  and can thus be l i f t e d  

d f t e r  bakeouts t o  allow access to  the apparatus. Two fans 

have been i n s t a l l e d  i n  the roof of t he  upper oven t o  

improve temperature uniformity. The shafts of t h e  fans 

are lead  through the  fou r  inch th i ck  in su la t ion  t o  the 

motors outs ide by means of w a t e r  cooled bearings. Ordinary 

machine o i l  serves adequately as lubr ica t ion .  

Bakeout. The bakeout is performed i n  three steps.  

The system temperature is raised t o  450°C a t  the  r a t e  of 

25-3OoC per hour. 

pressure, measured by a VG-1A ionizat ion gauge which i s  

i n s t a l l e d  i n  an  unbaked sect ion of t h e  system, drops t o  the  

I O g 7  Torr range. 

usually occurs a f t e r  one o r  two  days a t  maximum bakeout 

temperature. The lower t rap i s  then cooled t o  room tempera- 

ture  and f i l l e d  with l i q u i d  nitrogen. The bakeout o f  t h e  

upper t r a p  and u l t ra -h igh  vacuum chamber i s  continued f o r  

an add i t iona l  24 hours. The hea te r s  of t he  upper wen are 

then switched off,  and, af te r  the  temperature in s ide  has 

dropped t o  about 200°C, the  oven i s  l i f t e d  c l e a r  of the 

system. The Bayard-Alpert ion iza t ion  gauges on the chamber 

This  temperature i s  maintained u n t i l  t he  

If the system i s  reasonably clean, t h i s  
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a r e  then degassed and the upper t rap f i l l e d .  The pressure 

a t  t h i s  time is i n  the T o r r  range, a f t e r  the upper 

t r a p  is f i l l e d ,  tb pressure drops t o  the  loo9 T o r r  range 

over a period of a few hours, 

As mentioned ea r l i e r ,  the l i q u i d  ni t rogen t r a p s  

a r e  loaded with a commercial sorbant (Consolidated Vacuum 

Corporation "Sorbant A"). 

pressure t h i s  sorbant is, of course, saturated.  In  

addition, it has a s t rong a f f i n i t y  f o r  water, and is, 

therefore ,  p a r t i c u l a r l y  inappropriate  f o r  a vacuum pump 

u n t i l  a f t e r  i t  has been act ivated.  

z e o l i t e  t rap,  the diff 'usion pump (unaided by l i q u i d  

After exposure t o  atmospheric 

With a f r e s h l y  loaded 

ni t rogen t rapping)  cannot pump the  system below the  10 -4 

rarge. Under t h i s  condi t ion the fo re l ine  pressure is  about 

500 microns. 

v i s i b l e  i n  Fig,  9 t o  the  r i g h t  of the  forepump i n l e t ,  has 

been i n s t a l l e d  i n  the fo re l ine ,  When f i l l e d  with l i q u i d  

nitrogen, t he  fo re l ine  pressure immediately drops t o  

about 1s microns. 

hours pumping t im reveals  a 1/8" (approx.) t h i c k  coat of 

i c e  on the s i d e  of. t h e  t r a p  facing the d i f fus ion  pump 

out le t .  

A l i qu id  ni t rogen f inge r  t rap ,  which is  

Inspect ion o f  t h i s  t r a p  a f t e r  a few 

The sorbant, which has been placed only i n  bakeable 

pa r t s  of the vacuum system, is ac t iva ted  by bakeout, 

During the i n i t i a l  hours of bakeout, the  system pressure 

(with d i f fus ion  pump running) remains above a micron. It 



i s  poss ib le ,  by cont inual ly  

maintain t h i s  pressure ( f o r  

outgassing from the  z e o l i t e  

25 

increasing the  tempsrature, t o  

maximum throughput) u n t i l  the  

begins t o  decay. After  the 

bakeout, a t h i ck  (about 3/4'*) mound of i c e  can be found on 

the l iquid ni t rogen t r a p  i n  the fo re l ine ,  

It i s  qu i t e  evident t h a t  the  sorbant evolves great 

quan t i t i e s  of water during the  ac t iva t ion  process, Care 

must be taken that t h i s  water be kept out of the forepump, 

hence the l i q u i d  ni t rcgen t r a p  i n  the  fo re l ine ,  Also, i n  

order t;o m ~ f ~ l t a i ~ ?  a: e f f i c i e n t  trap i n  the  r ~ r e l i n e ,  it 

should probably be cleaned several  times during zeo l i t e  

ac t iva t ion ,  This would be e a s i l y  accomplished if a by- 

pass  l i n e  around the  f o r e l i n e  t r a p  were t o  be added. A s  

the system stands,  it would be necessary t o  valve o f f  the 

d i f fus ion  pump o u t l e t  during a time of very high throughput. 

Bakeout - and Liquid Nitrogen Control Circui t rg ,  As 

has been mentioned, two commercially ava i lab le  temperature 

con t ro l l e r s  control  the oven temperatures, These same 

devices also form the  nucleus of an  automatic l i q u i d  ni t rogen 

f i l l i n g  c i r c u i t .  Under f u l l  bakeout conditions,  they  

control  the oven temperatures i n  a s t r a i g h t  forward manner. 

I n  the "s ingle  bake'' s t a t e ,  l ee . ,  upper oven h o t  and 

lower t r ap  cold, the  r e l ay  contacts of t h e  lower oven 

temperature con t ro l l e r  TC-1 are switched i n t o  the  l i qu id  

ni t rogen control  c i r c u i t  and the  con t ro l l e r  input  leads  
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a re  switched from the cont ro l l ing  thermocouple i n  the  lower 

oven t o  a thermocouple a t  a l iqu id  ni t rogen sensor which i s  

mounted a t  the exhaust of the  lower t rap ,  A solenoid valve 

on the l i q u i d  ni t rogen dewar opens upon a s igna l  from a 

timer, t h e  t r a p  f i l l s  and overflows, and the temperature 

cont ro l le r ,  sensing the  presence of l iqu id  ni t rogen,  c loses  

the solenoid valve. When the  bakeout i s  complete and the 

t raps  a re  cold, both of t he  temperature cont ro l le rs  serve 

t o  e o n t r o l  the  l i q u i d  ni t rogen f i l l i n g ,  The c i r c u i t  is 

Sk.,ohrn aehsiiiatically in Fig. 12. 

Attent ion should first be d i rec ted  t o  S-2, the  mode 

switch, which is shown i n  the  " f u l l  bake" posi t ion,  It is 

t h i s  switch which switches the temperature con t ro l l e r s  

progressively i n t o  the  l i q u i d  nitrogen control  c i r c u i t  

and switches the input  thermocouples, Most of' the  poles 

of t h i s  switch go t o  the temperature con t ro l l e r s  which a r e  

represented only by t h e i r  ba r r i e r  s t r i p  connections. 

Reading f r o m  l e f t  t o  r igh t ,  "C" 3 "NO" , and "NC" a re  res-  

pect ively the  pole, t h e  normally open contact  and the norm- 

a l ly  closed contact of the cont ro l le r  relay.  The c i r c u i t  

between "C" and '"3'' i s  complete when the s e t  point  of the 

con t ro l l e r  i s  above the temperature indicated by t h e  con- 

t r o l l e r  thermocouple. The contact marked "110" and "C" 

a re  the 110 VAC power inputs ,  and "+" and "-" t he  thermo- 

couple inputs. As t h e  c i r c u i t  is drawn, t h e  con t ro l l e r s  

a r e  connected t o  the 1 1 0  v o l t  power l i n e  through S-2-D 
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and S-2-1 and t o  re lays  K-5 and K-6, which cont ro l  hea te rs  

i n  the lower and upper ovens respectively,  through S - 2 4  

arrl S-2-H. 

The act ion of the c i r c u i t  w i t h  S-2 i n  i t s  second 

pos i t ion  is as follows. Power is ava i lab le  t o  the t imer  

which closes  S-5 once eaah hour. When S - 5  closes, power 

is  ava i lab le  t o  the c o i l  of t h e  12 posi t ion stepping relay,  

K - 1 .  Also, D.C. vol tage is applied t o  the  pole of K-1, 

but delayed by t h e  charging time of C-1 through R - 1 .  This 

shor t  delay is necessary because the DOC. voltage must not 

be appl ied  before  K-2 has had time t o  complete i t s  stepping 

act ion.  Thus, once every hour D O C ,  voltage i s  ava i lab le  a t  

a d i f f e r e n t  contact  of K-1. These contacts  a r e  wired t o  

S-6 ("Imterval" switch) so that when S-6 i s  i n  i t s  f i rs t  

pos i t ion  (as shown), it w i l l  t r ans fe r  t h i s  vol tage t o  the 

c o i l  of K-2, If S-6 is i n  i t s  second posi t ion,  i t  w i l l  

t r a n s f e r  the voltage only every other  hour. I n  the t h i r d  

posi t ion,  S-6 t r ans fe r s  every three hours, and s i m i l a r l y  

4, 6, and 12 hours f o r  posit ions 4, 5, and 6. Thus the 

i n t e r v a l  between t r ap  f i l l i n g s  i s  var iab le  from 1 t o  12 

hours. 

Whenever S-4 (SPST mom. "Manual F i l l "  switch)  i s  

closed o r  when K-2 i s  energized, power is made avai lable ,  

through S-2-D t o  TC-1 and, through S - 2 4 ,  t o  the "NC" Con- 

t a c t  of the  r e l a y  of t h i s  control ler .  The output of the  

chromel/alumel thermocouple (vihich i s  connected so t h a t  i t s  
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output  i s  posi t ive f o r  temperatures below room temperature) 

a t  the t r a p  exhaust w i l l  be low. Therefore, the c o n t r o l l e r  

w i l l  see  a temperature lower than i t s  s e t  point  (which 

should be about 100°C i n  t h i s  appl icat ion)  and w i l l  complete 

the c i r c u i t  between "C" and "NC" . Power w i l l  then be 

ava i lab le  t o  K-3 through the s e r i e s  c i r c u i t  consis t ing of 

S - 2 4 ,  the  cont ro l le r  relay,  and S-2-B. Relay K-3 holds 

i t s e l f  by means of K-3-A and provides power t o  K-4.by means 

of 8-3-B. With both K-3 and K-4 energized, power is 

a ~ a i h b l ~  thrciugk E(-3-C and K-4-E to the solenoid valve f o r  

the lower t rap.  When the t r a p  i s  f i l l e d ,  the chromel/alumel 

thermocouple is  ch i l l ed  and the r e s u l t i n g  s igna l  t o  TC-1 

causes i t  t o  open the  C-NC c i r c u i t ,  which i n  tu rn  re leases  

K-3 and K-4, so t h a t  the solenoid valve closes .  I n  t h i s  

mode, t h e  upper oven cont ro l le r  TC-2 remains i n  t h e  same 

s t a t e  as i n  tb fill bake mode. 

I n  the  "double t r a p "  mode, the operation of the 

c i r c u i t  i s  similar except that now, K-4, once energized, 

can hold i t s e l f  independently of K-3, through the c i r c u i t  

consis t ing of K-4-A, S-24, the upper oven con t ro l l e r  re lay,  

axd S-2-G. Therefore, when t h e  lower t r a p  i s  f u l l ,  the 

s igna l  from the chromel/alumel thermocouple a t  the  lower 

t rap,  causes only K-3 t o  be released. I n  t h i s  s t a t e ,  the 

c i r c u i t  through K-3-C and K-4-C i s  complete to  t h e  upper 

t r a p  solenoid valve. When t h i s  t r a p  i s  f u l l ,  TC-2 re leases  

K - 4  and the cycle i s  complete. S-2-L merely insures that 
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no vol tage w i l l  be appl ied t o  the upper t r a p  solenoid valve 

unless  the system i s  being operated i n  the "double t rap" 

mode 

Switch S-7 i s  actuated by t h e  pressure i n  t h e  

l i qu id  ni t rogen dewar. It opens if  the pressure drop8 

below a p rese t  l eve l ,  i.e., i f  the dewar i s  emptied. If 

t h i s  should occur while, say, the lower t r a p  is  f i l l i n g ,  

the opening of S-7 puts the c o i l s  of the two solenoids i n  

s e r i e s  w i t h  p i l o t  l i g h t  1-3. T h i s  g rea t ly  reduces the  

power diss ipated i n  the solenoids and prevents them from 

over heating, The c i r c u i t  w i l l  remain i n  t h i s  s t a t e  u n t i l  

given human a t t en t ion  s ince  TC-1 would never receive a 

s igna l  indicat ing a fill t rap.  The f a c t  that the dewar 

i s  empty is Immediately c l e a r  t o  an operator s ince both 

p i l o t  l i g h t s ,  1-2 and 1-3, w i l l  be on, t he  b r igh te r  of 

which ind ica tes  which t r a p  was f i l l i n g  when the dewar 

went dry. 

The l i q u i d  nitrogen overflow sensor, Fig. 13, is 

designed so that the thermocouple is shielded from the  

b l a s t  of cold but gaseous nitrogen which precedes the 

f i l l i n g  of the t rap ,  Most o f  t h i s  blast  i s  d i rec ted  out  

through the la rge  holes i n  the walls of the (p loxig lass )  

cyl inder .  When the l i q u i d  nitrogen reaches the sensor, 

i t  i s  able t o  f l o w  through the small axial hole near  t he  

center  and thus c h i l l  t he  thermocouple mounted below. 
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Figure  13 .  Liquid Nitrogen Overflow Sensor  
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In te r lock  Circuitry.  It was found t h a t  a momentary 

pressure burst ,  of even a few Torr  i s  s u f f i c i e n t  t o  per- 

manently degrade an ult ra-high vacuum t o  the loo8 T o r r  

range. A l s o ,  due t o  the  l imited a v a i l a b i l i t y  of e l e c t r i c a l  

power i t  w a s  necessary t o  wire the system i n  a meulller t h a t  

was l e s s  than optimum. For example, the d i f fus ion  pump is 

connected t o  one s ide of a 220 VAC l i ne ,  while the  forepump 

and r e f r ige ra t ion  compressor receive power from the  

opposite of the 220 l i n e  and are fused independently. 

Therefore, if a momentary power f a i l u r e  were t o  occur 

( i n  the  absence of the precautions which have been taken),  

the combined s t a r t i n g  loads of the forepump and r e f r i g e r a t o r  

could blow the  main fuse on that phase of the 220 VAC l ine .  

Thus the diffusion pump, s t i l l  receiving power, would 

cont ime t o  operate while the vacuum aystem w a s  slowly 

vented through the now inef fec t ive  forepump, 

For these reaaons, f a i r l y  extensive preventive 

measures have been taken i n  order t o  minimize t h e  proba- 

b i l i t y  of acc identa l  venting of t h e  systen. The in te r lock  

c i r cu i t ry ,  shown i n  Fig. lk1. provides t h e  f ollawing features .  

I n  t he  event of a power f a i l u r e  on the forepump 

s ide  of the l i n e ,  power is  inrmedfately removed from t h e  

diffusion pump and a pneumatic valve, which is i n s t a l l e d  

i n  the  fore l fne ,  c loses ,  If the dura t ion  of the power 
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f a i l u r e  i s  l e s s  than f i v e  seconds, r e s to ra t ion  of the power 

w i l l  put the vacuum system back i n t o  f u l l  operation, but  i n  

a d e f i n i t e  order,  When power returns,  it i s  made ava i lab le  

t o  t h e  r e f r i g e r a t o r  but not  the  forepump, which is delayed 

by two seconds. 

is q u i t e  high if the  pressure d i f f e r e n t i a l  o f  the r e f r ige r -  

ant  across  the compreesor has no t  had time t o  equalize;  

therefore ,  t h e  r e f r i g e r a t o r  is given s o l e  accesa t o  the 

power l i n e s  during t h i s  two secord period, I n  this  time 

it r c ? i , l l  e i t he r  succeed ir, rnstsrtirg or it  w i l l  ectivate 

i ts  own magnetic multfbreaker and remain out  of operation 

un t i l  given huinan a t t en t ion ,  After  the two second delay, 

tb forepump and diffbsion pump s tar t  again and the  

pneumatic valve opens, The incorporation of the  f ive  

second de lay  avoids the annoyances involved with system 

shut-downs t r iggered by shor t  power f a i l u r e s  and l i ne  

f luctuat ions.  

The starting current  of the r e f r i g e r a t o r  

I n  the event of a longer power f a i l u r e ,  say an 

hour, the d i f fus ion  pump does not r e s t a r t ,  However, the 

r e f r i g e r a t o r  and forepump (which, by i t s e l f ,  can maintain 

a system pressure i n  the low I O o 5  Torr range) fo l low 

the two second de lay  cycle described above, but  with the 

following difference.  

delayed another t h i r t y  seconds t o  permit the  forepump 

to evacuate the  sec t ion  of fore l ine  between the  forepump 

arrZ the pneumatic valve, a small volume that could e a s i l y  

The opening of tb pneumatic valve i s  
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leak up t o  atmospheric pressure during an extended power 

f a i l u r e .  I n  addi t ion t o  the above mentioned protection, 

tb d i f f i s i o n  pump i s  shut off if the cooling water f o r  i t  

fai ls ,  

a prese t  value. 

o r  if the  pressure i n  the vacuum system r i s e s  above 

L e t  us now examine the  c i r c u i t  i n  d e t a i l .  When 

S-2 i s  closed, the two second time delay r e l a y  K-1 receives  

power through H-2-A. After  t w o  seconds, t he  contac ts  of  

K-1 close and thus energize K-2, which now holds  i t s e l f  

by means of K-2-A. When K - 2  i s  energized, power i s  removed 

f r o m  K-1 and i s  provided a t  one of  the poles of DPST switch 

s-4. 
When S-4 is closed, power f rom the forepump s i d e  

of the l i n e  i s  avai lable  a t  S-5 and K-3-A.  Also power 

from the d i f fus ion  pump s ide  of the  l i n e  i s  ava i lab le  a t  

K-3-B, K-3-C, and K-3-D. Since K-3 is, a t  this time, 

de-energized, the  c i r c u i t  a t  E-3-D t o  the alarm assembly 

(buzzer and red l i g h t )  i s  closed, t he re fo re  the red p i l o t  

l i g h t  and ( i f  S-3 i s  closed) the buzzer will be energized. 

If now S-5  (SPST Mom.) is  closed, C - l  i s  charged through 

R-1 and D-1 . When the  vol tage across  C-1 is  s u f f i c i e n t l y  

high, K - 4  i s  energized through the  contacts  of K-5,  t h i s  

i n  t u r n  energizes K-3  through K-4-A. K - 3  now holds  i t s e l f  

through i t s  own contacts,  K-3-A.  When K-3 i s  energized, 

power f r o m  the d i f fus ion  pump side of the  l i n e  is provided 

t o  the  pole of S-7 by means of t h e  p a r a l l e l  connected 
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K-3-B and K-3-C contacts  of K-3. SPDT switch S-7 i s  a 

microswitch on a commercially avai lable  f l o w  r a t e  i n t e r -  

lock ("Shur-floWr Hays Manufacturing Co., Erie ,  Perm.) i n  

the  d i f fus ion  pump water cooling l i n e .  

s u f f i c i e n t ,  S-7 i s  i n  i t s  normally closed pos i t ion  and 

power is  ava i lab le  t o  the diff'lrsion pump. If the  flow r a t e  

i s  low, 23-7 completes the c i r c u i t  to  the alarm system 

through K-3-D of ( t he  now energized) K-3. 

a pressure r i s e  i n  the  vacx~um system, 6.3 VAG is a p p l i e d  

t.0 K-5,  which immediately disc~!r?nerts IC-4 w-d discharges 

C-1 through R-3 .  The r e l ease  of K-4 de-energizes K-3, thus 

removing power from the diffusion pump. 

If the  f l o w  r a t e  i s  

I n  the event of 

I n  the event o f  a power f a i l u r e  i n  the  forepump 

s ide  of  t he  l ine,  all of the re lays a re  re leased w i t h  t h e  

exception of K-4, which is maintained for about 7 seconds 

by the discharging capacitor,  C-1 ( R - 2  serves  only t o .  

ma;rtMze the delay t ime).  If power returns  within seven 

seconds (N.B., the  two second delay a t  the forepump reduces 

tb ef fec t ive  receovery time uf t h e  c i r c u i t  t o  f i v e  seconds) 

K-3 is energized through the s e r i e s  c i r c u i t  comprised of 

S-4, K-4-B, and K-k-A, thus  s t a r t i n g  the d i f f i s i o n  pump. 

If power returns  a f t e r  t h e  release of K-4, the d i f fus ion  

pump w i l l  not  r e s t a r t .  

Let us now tu rn  our a t ten t ion  t o  K-6, S-6, and the  

pneumatic valve. 

pneumatically s o  tha t  it closes  when power i s  removed from 

The valve i s  "wired" e l e c t r i c a l l y  and 
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it. 

of' the  valve. When S-6 is  i n  the f i rs t  (auto)  posit ion,  

the Fnewaatic valve cannot be energized unless  K-2 is 

energized. Also there  is a d i r e c t  connection t o  the  valve 

only if K-4 is energized, Thus, f o r  a power failure l a s t i n g  

less than 5 (= 7 - 2) seconds, the valve opens immediately 

upon reappl icat ion of a.c. power t o  the c i r c u i t .  If, 

however, K-4 has dropped out, the re turn of power closes  

K-2, a f t e r  tb two second delay  introduced by K - 9 ,  but 

power is avai lab le  only t o  the c o i l  of K-6 (30 second time 

delay re lay) .  Therefore, the valve does not  open u n t i l  

a f te r  an  addi t ional  delay of 30 seconds. Note t h a t  t he  

actual time difference between r e s t a r t  of the forepump 

and the opening of' the  pneumatic valve, i n  t h e  case of a 

power f a i l u r e  s u f f i c i e n t l y  long t o  prevent t h e  r e s t a r t  of 

the d i f fus ion  pump, i s  a f b c t i o n  of  the durat ion of the 

f a i l u r e .  T h i s  occurs because K-6, being a thermal delay,  

can only r e a l i z e  i t s  ra ted  delay time when i t  starts cold. 

As K-6 is i n s t a l l ed ,  it runs continuously during normal 

operation, and is always hot. Therefore, a f t e r  a f a i l u r e  

of only a f e w  minutes, the delay may be only 10 seconds 

instead of  t h e  ra ted  30 seconds. 

negate i t s  effect iveness  because the  so l e  Axnction of K-6 

i s  t o  insure  that the pneumatic valve does not open before 

the sec t ion  of fo re l fne  between valve and forepump has 

been reevacuated. 

ac t ion  t o  the durat ion of the power f a i lu re .  

The last  two posi t ions of S-6 provide manual control  

This does not in  any way 

Thus the  re lay a c t u a l l y  proportfans i t s  



Experimental Arrangement. A t o p  view of t he  experi- 

mental chamber (right-hand c i r c l e ) ,  which has a use fu l  vol- 

ume of about 50 l i t e r s ,  is shown schematically i n  Fig. 15. 

The por t s  shown with de tec tors  and t h e  entrance po r t  have 

been f i t t e d  with sapphire windows (Ceramaseal, using Linde 

W grade sapphire) thus allowing f o r  transmission and 

r e f l e c t i v i t y  measurements both near normal and near grazing 

incidence f rom sO,OOO8 down t o  15008.** 

The remaining por t  mounts an evaporation source. 

Five rZanges have a l s o  been mounted on tne l i d  of t h e  

vacuum chamber. Two provide miscellaneous e l e c t r i c a l  f eed  

throughs, two mechanical ro t a ry  feed throughs (Cooke Vacuum 

Products), and one mounts a nude Bayard-Alpert type ioniza- 

t i o n  gauge. 

The e x i s t i n g  ultra-high vacuum system is shown i n  

a proposed appl ica t ion  i n  conjunction with a normal inc i -  

dence (17.5°) vacuum W monochromator (left-hand c i r c l e )  . 
The monochromator w i l l  supply monochromatic r ad ia t ion  i n  

the range between lsOd (sapphire cu to f f )  and 20008 o r  

longer. R e f l e c t i v i t i e s  i n  th i s  wavelength range a re  t o  be 

measured under ul t ra-high vacuum conditions a t  two angles 

of incidence el (17.s0) and e2 ( 5 5 O ) .  

thus' a t t a ined  being s u f f i c i e n t  t o  determine the o p t i c a l  

constants of t he  sample. It is proposed that  the f i rs t  

The d a t a  

20Linde I n d u s t r i a l  Crystals Bul le t in ,  5/15/62, 
F-9174 . 
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s tudies  be made w i t h  Ba, because of  t h e  a v a i l a b i l i t y  here  

of rad ia t ion  between the quarte  and sapphire cu to f f s  and 

because the o p t i c a l  propert ies  of barium should show 
21 i n t e re s t ing  behaviour--due t o  i t s  plasma l o s s  a t  6.5 eV 

i n  t h i s  wavelength range. A sapphire widow i s  provided 

d i r e c t l y  opposite t he  entrance port  f o r  t ransmission 

xmasurements and determination of  the  incident  in tens i ty .  

It should be mentioned that the  ul t imate  goal i s  . 
t o  a r r i v e  a t  an experimental arrangemnt similar t o  that 

shown i n  Fig, 2 i n  which both the monochromtor and the 

experimental chamber a r e  maintained a t  ul t ra-high vacuum. 

( T h a t  is, the pressure i n  the monochromator is s u f f i c i e n t l y  

l o w  t h a t  it is  possible  t o  nmrintain the experimental 

chamber a t  ul t ra-high vacuum without the  necess i ty  of a n  

intermediate window.) Then it w i l l  be possible  t o  m a k e  

measurements throughout the e n t i r e  range of the vacuum w. 
It i s  our in ten t ion  that the O2 and the transmission por t s  

become the entrance and e x i t  arms of a Seya monochronrrtor 

and that the present experimental chanber become t h e  

g ra t ing  chamber of the f i n a l  ul t ra-high vacuum apparatus. 

I n  t h i s  case, t h e  s h o r t  wavelength l i m i t  would be deter-  

mined only by t h e  l i g h t  source and the  inherent  l i m i t a -  

t i ons  of the  Sega mounting. 

21J, L, Robins and P. E. Best, Proc. Phys . SOC. 79, 
P a r t  1, 110 (1962). 



Transi t ion Radiation. In addi t ion t o  t h e  above 

described approach t o  the opt ica l  propert ies  of metals, a 

&meter normal incidence vacuum W spectrograph is being 

used t o  inves t iga te  the  transition/plasmon rad ia t ion  

phenomenon i n  aluminum, The apparatus i s  shown schemati- 

c a l l y  i n  Fig. 16. 

a pressure of about 2 x T o r r .  The films, which are 

Pure A1 films are evaporated i n  s i t u  a t  

evaporated onto a s t a i n l e s s  s t e e l  t a rge t ,  and bombarded 

w5th 25 keV electrons,  a r e  600 - 10008 thick,  and hence 

much thicker  than the optimum value (about 602 i n  t h i s  

case)  predicted by Ferrell.’ Therefore, t h e  experiment i s  

r e a l l y  an invest igat ion of t r ans i t i on  rad ia t ion  i n  w h a t  is 
e f f e c t i v e l y  bulk aluminum. 22,23 

Up t o  the present,  a cathode ray  tube  type e lec t ron  

gun has been used as an electron source.  Since t h i s  gun 

uses a weakly heated oxide cathod.e, the danger of exposure 

of the  gra t ing  t o  s t r a y  l i g h t  i s  g r e a t l y  minimized. In  

addi t ion,  the gun i s  inexpensive and reasonably convenient 

t o  ins  t a l l .  Unfortunately, t h e  naximum t a r g e t  current  

that has been obtained s o  f a r  has been about three micro- 

amps. This r e s u l t s  i n  enough rad ia t ion  t o  give a f a i r l y  

dense c e n t r a l  image (possibly detectable  with a sens i t i ve  

p h o t o m u l t i p l i e r )  but not  enough i n t e n s i t y  t o  give any 

~ 

22R. A. F e r r e l l  and E. A ,  Stern,  J. Want.  Spectros. 
Radiat. Transfer 2, 679 (1962)*  - 

23R. H. Ri tchie  and H. B. Eldridge, Phys. Rev. 126. - 
1935 (1962). 
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ind ica t ion  of the  dipersed continuum. It dl1 probably 

be necessary t o  go t o  a more special ized e lec t ron  gun i n  

order t o  observe any dispersed in tens i ty .  Since the t a r g e t  

rod i s  maintained a t  +2SkV the problem of exposure due 

t o  s ca t t e r ed  electrons i s  eliminated, I n  t h i s  i n t e r e s t  a 

300 line/= gra t ing  has been ordered t o  replace the 1200 

line/= gra t ing  that i s  now i n  the spectrograph. 

I n i t i a l  f i l t e r  measurements have been encouraging. 

Most of t h e  radiat ion i s  d e f i n i t e l y  a t  wavelengths s h o r t e r  

than the glass cutoff .  Zxperiments w i t h  quartz  and LiF 

have been less posi t ive.  Although more data need to  be 

taken, it appears as if t h e r e  is rad ia t ion  a t  wavelengths 

sho r t e r  than 20001, 

than LiF, of course, i s  that much more indef in i te .  The 

expected spectrum i s  a continuum with a peak a t  about SO& 

which ta i ls  o f f  quickly to  shorter  wavelengths and slowly 

t o  longer  wavelengths (exterding almost t o  the v i s i b l e ) .  A 

f u r t h e r  r a the r  encouraging piece of datum is the  following. 

The rad ia t ion  i n  a d i r ec t ion  normal t o  the f i l m  should be 

Information about wavelengths shor te r  

zero ( f o r  normally inc ident  e lectrons) .  One exposure 

has been made f o r  normal radiat ion.  This showed l e s s  

i n t e n s i t y  than a s imi la r  exposure f o r  r ad ia t ion  emit ted i n  

a d i rec t ion  30' from the normal, 
9 It should be pointed 

st. One would expect t o  observe some rad ia t ion  fn the  
forward d i r ec t ion  because af t he  f i n i t e  s o l i d  angle  sub- 
tended by the grat ing and extraneous sources of rad ia t ion  
such as bremsstrahlung. 
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out that the predicted radiat ion n u l l  i n  the normal direc-  

t i o n  i s  f o r  normally incident  e lectrons and i s  correspond- 

ing ly  d i f f i c u l t  t o  observe. For t h i s  experiment, when the 

rad ia t ion  is  observed no rml ly ,  the e lec t rons  a r e  incident  

at 30° and v i c e  versa. 

A f u r t h e r  f i l t e r  measurement tha t  should be qui te  

informative i s  planned, Indium has a transmission wir,dow 

between 11.1 and 16.8 eV,24 

17% transmission cha rac t e r i s t i c  a t  16 eV. This t rans-  

mission window, which is approximately centered on the  

expected 15 eV plasma energy i n  aluminum, o f f e r s  an almost 

ideal bandpass f i l t e r ,  

An 8008 th ick  f i l m  showed a 

24G. L. Weissler, W. C. Walker, and 0. p. Rustgi, 
J. Opt. SOC. Am. &, 471 (1959). 



CHAPTER I11 

SUMMARY 

We a r e  a t tacking the opt ica l  constants  of metals 

problem i n  t w o  ways i n  t h i s  laboratory.  We w i l l  at tempt t o  

measure r e f l e c t i v i t i e s  of clean metal surfaces  under ultra- 

high vacuum conditions,  Measurement of t h e  r e f l e c t i v i t y  a t  

two angles ( w i t h  known polar izat ion)  permits calculat ion of 

the t w o  op t i ca l  con3 tan t s  n and k by means of the Kramers- 

Kronig dispers ion re la t ions .  

ul t ra-high vacuum system i s  t h e  measurement of t h e  op t i ca l  

constants  of  the reac t ive  alkali metals which are d i f f i c u l t  

( if  no t  impossible) t o  handle under ordinary high vacuum 

conditions. 

A second appl icat ion of t he  

We a r e  a l s o  looking f o r  t r a n s i t i o n  rad ia t ion  i n  

aluminum. Since the plasma frequency of A 1  (and many other  

metals) i s  i n  the vacuum W spec t ra l  range, the u9e of a n  

appropriate  spectrograph is essent ia l ,  

ped w i t h  vacuum W o p t i c a l  equipment, and the appl icat ion 

t o  the t r a n s i t i o n  rad ia t ion  experiment i s  na tura l ,  consid- 

er ing the success of  Steinmann' with s i l v e r  (33002). It 

i s  necessary here t o  study t r ans i t i on  rad ia t ion  i n  t h i c k  

aluminum films ra the r  than the plasmon rad ia t ion  predicted 

by F e r r e l l  f o r  t h i n  films, because of the d i f f i c u l t i e s  

associated with maintaining an A 1  film (unsupported) of  

60a thickness.  

We a r e  w e l l  equip- 

45 
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It should be possible, sometime, t o  look f o r  

transition/plasmon radiat ion i n  t h e  a lka l i  metals using 

the ul t ra-high vacuum system. These t w o  techniques 

( r e f l e c t i v i t i e s  and plasma frequency s tudies )  give us two 

independent approaches t o  opt ical  constants. It would be 

ideal ,  of course, t o  make both types of measurement on the 

same sample. Perhaps t h i s  will eventually be possible 

with the ul t ra-high vacuum system. 


